A new medium (lecithin and levofloxacin [LL] medium) is described for the isolation of Listeria monocytogenes from food samples. LL medium includes lecithin from soybeans for the detection of phosphatidylinositol-specific phospholipase C (PI-PLC) and phosphatidylcholine-specific phospholipase C (PC-PLC) produced by L. monocytogenes. Levofloxacin is incorporated to inhibit the growth of microorganisms other than L. monocytogenes, especially Bacillus cereus, shown to possess PI-PLC and PC-PLC activities. L. monocyogenes produced white colonies with a halo on LL medium, whereas Listeria innocua appeared as white colonies without a halo. Levofloxacin at 0.20 mg/liter completely inhibited the growth of B. cereus, while the growth of L. monocytogenes was unaffected. In the second phase of the study, the sensitivity and the specificity of LL medium were compared to those of modified Oxford agar (MOX) and two chromogenic media (Brilliance Listeria agar and CHROMagar Listeria), using a total of 250 food samples. From 200 unspiked food samples, the specificity of LL medium (96.0%) was superior to that of MOX (72.0%) and similar to the specificities of Brilliance Listeria agar (96.5%) and CHROMagar Listeria (94.5%). From 50 spiked food samples, LL medium and CHROMagar Listeria represented the highest sensitivities (96.0%), followed by Brilliance Listeria agar (92.0%) and MOX (54.0%). Also, LL medium showed the highest confirmation rate (98.8%), followed by Brilliance Listeria agar (98.7%), CHROMagar Listeria (98.3%), and MOX (52.0%). On the basis of its good specificity and cost effectiveness, LL medium is useful for the isolation of L. monocytogenes from food samples.
T
he Gram-positive food-borne pathogen Listeria monocytogenes is a significant public health and food safety concern worldwide (1, 2). Infection of pregnant women, infants, the elderly, and immunosuppressed individuals with this pathogen can lead to listeriosis, a disease condition that can induce severe illnesses and relatively high mortality rates (3, 4) . Infection has been associated with foods such as cheese, meat, milk, vegetables, and fish (5) (6) (7) (8) (9) . Thus, effective methods for the isolation of L. monocytogenes from various foods are important to ensure food quality and safety.
A wide variety of selective and differential media have been developed for this purpose, including PALCAM, Oxford agar, and modified Oxford agar (MOX) (10) (11) (12) . L. monocytogenes growing on these media is detected by the action of esculinase cleaving esculin (13) . However, this metabolic enzyme is common to all Listeria species, so it does not distinguish L. monocytogenes from other nonpathogenic species of Listeria (14, 15) . Therefore, subculture of multiple colonies is required to confirm the species, which takes at least a further 2 days (16) . Listeria innocua in particular is often detected in foodstuffs and food environments (17) . Also, L. innocua has been reported to grow faster than L. monocytogenes in enrichment broth, which makes detection of L. monocytogenes more difficult (18) .
Several chromogenic media, including BBL CHROMagar Listeria, ALOA, Rapid'L. mono agar, CHROMagar Listeria, and Oxoid chromogenic Listeria agar (OCLA) have been introduced for the differentiation of L. monocytogenes from other Listeria spp. (14, (19) (20) (21) (22) . The detection of L. monocytogenes by chromogenic media usually involves cleavage of the substrate 5-bromo-4-chloro-3-indoxyl-␤-D-glucopyranoside by ␤-D-glucosidase produced by Listeria spp., combined with L-␣-phosphatidylinositol for the detection of phosphatidylinositol-specific phospholipase C (PI-PLC) and phosphatidylcholine-specific phospholipase C (PC-PLC) (14, 15, 23, 24) . PI-PLC and PC-PLC, the major virulence factors, are only produced by pathogenic L. monocytogenes and Listeria ivanovii (15, 25) . Chromogenic substrates have proven to be an efficient tool, utilizing specific enzymatic reactions of certain bacteria (2) . However, chromogenic media can be expensive and may not be suitable for routine laboratory use (22) . Also some Bacillus spp., especially Bacillus cereus, and Staphylococcus aureus are ␤-D-glucosidase, PI-PLC, and PC-PLC positive, and thus, they could grow on chromogenic media and produce colonies similar to those of L. monocytogenes (22, (26) (27) (28) (29) (30) .
Recognizing the limits of currently used selective and differential media, it is desirable to develop an alternative medium with improved specificity while maintaining cost effectiveness.
The aim of this study was to develop a new selective and differential medium for the detection of L. monocytogenes (lecithin and levofloxacin [LL] medium) and to compare the specificity and the sensitivity of LL medium with those of conventional MOX and two chromogenic media by using stock cultures and food samples.
MATERIALS AND METHODS

Stock cultures.
The test bacteria used in this study (Tables 1 and 2) were obtained from the American Type Culture Collection (ATCC), the National Culture Collection for Pathogens (NCCP) (Osong, South Korea), the Korean Collection for Type Culture (KCTC), or the bacterial culture collection of the Food Hygiene Laboratory at Seoul National University (SNCC) (Seoul, South Korea). They were stored frozen at Ϫ80°C.
Growth of test bacteria on basal medium containing different concentrations of levofloxacin. To determine optimum concentration of antibiotics, the growth of bacteria on basal medium containing four different concentrations of levofloxacin was tested. The ingredients of basal medium for this study were as follows: 8.9 g of pancreatic digest of casein (Neogen, Lansing, MI), 4.4 g of protease peptone (Difco, Sparks, MD), 4.4 g of yeast extract (Difco), 2.7 g of beef heart infusion (Difco), 4.4 g of sodium chloride (Samchun Chemical Co., Ltd., Pyeongtaeksi, South Korea), 15.0 g of lithium chloride (Samchun Chemical), and 15.0 g of Bacto agar (Difco) per liter. The ingredients were added to distilled water and sterilized at 121°C for 15 min. After sterilization, the medium was tempered to 48°C, and 10.0 mg of colistin sulfate (Difco) and 20.0 mg of moxalactam (Difco) were added to the basal medium. Prepared basal medium was supplemented with levofloxacin (Sigma-Aldrich, St. Louis, MO) at concentrations from 0.10 to 0.25 mg/liter at 0.05-mg/liter increments. Modified Oxford agar (MOX) was prepared with Oxford agar base (Difco) supplemented with modified Oxford antimicrobial supplement (Difco). The test bacteria (Table 1) were incubated in 10 ml of tryptic soy broth (TSB; Difco) at 37°C for 18 h. After incubation, one loopful of each strain was streaked onto MOX and each basal medium containing different concentrations of levofloxacin by the semiquantitative three-loop technique (24) . This involves streaking three times on each test medium, using a sterile loop to make dilutions of that original streak. After incuba- 
a Ϫ, no growth; ϩ, growth in the original streaked area; ϩϩ, growth in the second streaked area; ϩϩϩ, growth in all streaked areas. tion for 48 h at 37°C, the amount of growth on the agar is then reported semiquantitatively as "many" (ϩϩϩ), "moderate" (ϩϩ), or "few" (ϩ), respectively, depending on how far from the inoculum site colonies appear. The test bacteria that grow in all streaked areas would be reported as "many" (ϩϩϩ). The test bacteria that only grow in the original streak area would be reported as "few" (ϩ). Preparation of LL medium. The ingredients of basal medium were added to 950 ml of distilled water and sterilized at 121°C for 15 min. After sterilization, the medium was tempered to 48°C, and 10.0 mg of colistin sulfate and 20.0 mg of moxalactam were added to the basal medium. Levofloxacin (0.2 mg) was also added to supplement the basal medium. Five grams of soya lecithin (Solae, St. Louis, MO) was dissolved in 50 ml of distilled water, sterilized at 121°C for 15 min, and added to the prepared medium. The medium was poured into 9-cm-diameter petri dishes.
Recovery of L. monocytogenes on MOX and LL medium. Fifteen L. monocytogenes strains were grown in 10 ml of TSB at 37°C for 18 h. The cultures were 10-fold serially diluted with 9 ml of buffered peptone water (BPW; Difco), and 0.1 ml of diluents (10 Ϫ4 to 10 Ϫ7 ) was plated onto MOX and LL medium. Colony counts were recorded after incubation at 37°C for 48 h. This experiment was repeated independently three times.
Evaluation of the performance of LL medium with stock cultures. The performance of LL medium was evaluated using stock cultures in comparison with those of MOX, Brilliance Listeria agar (Oxoid, Ltd., Basingstoke, United Kingdom), and CHROMagar Listeria (CHROMagar, Paris, France). Twenty-nine L. monocytogenes strains (Table 1) were selected for the inclusivity test, while 76 non-L. monocytogenes strains were used for the exclusivity test. The latter consisted of Listeria ivanovii (n ϭ 1), L. innocua (n ϭ 4), Listeria welshimeri (n ϭ 1), Listeria seeligeri (n ϭ 1), Listeria grayi (n ϭ 1), B. cereus (n ϭ 24), Bacillus circulans (n ϭ 3), Staphylococcus aureus (n ϭ 10), Staphylococcus epidermidis (n ϭ 2), Staphylococcus xylosus (n ϭ 1), unidentified isolates from MOX plates (n ϭ 10), Escherichia coli (n ϭ 8), Klebsiella pneumoniae (n ϭ 4), Yersinia enterocolitica (n ϭ 2), Hafnia alvei (n ϭ 3), and Citrobacter freundii (n ϭ 1). The test bacteria were grown in 10 ml of TSB at 37°C for 18 h. After incubation, one loopful of each strain was streaked onto each medium and incubated at 37°C for 24 to 48 h. The growth and colony morphology were observed after incubation.
Evaluation of the specificity and the sensitivity of LL medium using spiked and unspiked food samples. The conventional culture method described by the U.S. Food and Drug Administration (FDA) (31) was used for the microbiological analysis of spiked and unspiked food samples. In this study, a total of 250 food samples (200 unspiked food samples, 25 food samples spiked with L. monocytogenes, and 25 food samples spiked with L. monocytogenes and L. innocua) were tested for evaluation of the specificity and the sensitivity of LL medium. These food samples consisting of ground beef, ground pork, deli meat, smoked ham, sausage, luncheon meat, mixed salad, mixed sprouts, potatoes, lettuce, carrots, spinach, sweet potatoes, celery, radish, milk, cheddar cheese, and shrimp were purchased from local retail markets (Seoul, South Korea). All foods that were used in the spiked food sample test were previously screened to ensure they were Listeria free. To prepare spiked food samples, each strain of L. monocytogenes (ATCC 19114, 19115 , and 15313) and L. innocua (SNCC 1, 2, and 3) was grown in 10 ml of TSB at 37°C for 18 h. Twentyfive subsamples (25 g or 25 ml) of each food were inoculated with 3 different L. monocytogenes strains at an inoculum level of 50 to 100 CFU/25 g or ml. Also, 25 subsamples of each food were inoculated with 3 different L. monocytogenes strains and 3 different L. innocua strains at an inoculum level of 50 to 100 CFU/25 g or ml. Spiked and unspiked food samples were introduced into a sterile stomacher bags (Labplas, Inc., Sainte-Julie, Quebec, Canada) containing 225 ml of buffered Listeria enrichment broth (BLEB; Difco) and homogenized with a stomacher (Easy Mix; AES Chemunex, Rennes, France) for 1 min. After preenrichment at 30°C for 4 h, acriflavine (final concentration, 10 mg/liter) (Sigma-Aldrich), nalidixic acid (final concentration, 40 mg/liter) (Sigma-Aldrich), and cycloheximide (final concentration, 50 mg/liter) (Sigma-Aldrich) were added, and the mixture was incubated at 30°C for 44 h. After enrichment, one loopful of each sample was streaked onto LL medium, MOX, Brilliance Listeria agar, and CHROMagar Listeria and incubated at 37°C for 24 to 48 h. After incubation, up to 5 colonies suspected of being L. monocytogenes on these media were selected for identification. Bacterial colonies were identified using the API Listeria test (bioMérieux, Marcy l'Etoile, France) and the Vitek 2 system (bioMérieux). Colonies suspected of being L. monocytogenes were defined as white colonies with a halo on LL medium, black colonies with a black halo on MOX, blue/green colonies with a halo on Brilliance Listeria agar, and blue colonies with a white halo on CHROMagar Listeria.
The specificity was evaluated by calculating the proportion of L. monocytogenes-negative samples correctly found to be negative (i.e., those that did not appear as presumptive L. monocytogenes colonies). The sensitivity was calculated as the proportion of L. monocytogenes-positive samples correctly found to be positive (22) . The confirmation rate was determined as the ratio of the number of confirmed L. monocytogenes colonies (C) to the number of total suspect colonies tested (S), expressed as (C/S) ϫ 100% (14) .
Statistical analyses. The significance of differences in colony counts was calculated by the Student t test, with a significance level of P Ͻ 0.05, using Microsoft Excel. The significance of differences in the specificity and the sensitivity was calculated by the McNemar tests, with a significance level of P Ͻ 0.05, using the SPSS software package (SPSS, Chicago, IL). (Table 1) Recovery of L. monocytogenes on MOX and LL medium. Bacterial counts on LL medium were not significantly (P Ͼ 0.05) different from those on MOX (data not shown). On MOX and LL medium, colonies did not always have the typical appearance after 24 h of incubation (data not shown). At 48 h, all L. monocytogenes strains developed the correct morphology on these media (black with a black halo and white with a halo, respectively).
RESULTS
Growth of test bacteria on basal medium containing different concentrations of levofloxacin. The growth of L. monocytogenes, L. ivanovii, L. innocua, Listeria welshimeri, Listeria seeligeri, Listeria grayi, and B. cereus was observed on basal medium containing different concentrations of levofloxacin
Evaluation of the performance of LL medium with stock cultures. All tested L. monocytogenes strains produced typical L. monocytogenes colonies on each tested medium (inclusivity of 100%) ( Table 2 ). The best exclusivity was accomplished by Brilliance Listeria agar and LL medium. Only L. ivanovii (n ϭ 1) produced presumptive L. monocytogenes colonies on these media, and these two media achieved an exclusivity of 98.7%. CHROMagar Listeria achieved an exclusivity of 96.1%. One strain of L. ivanovii and two strains of B. cereus produced colonies similar to L. monocytogenes on CHROMagar Listeria. MOX showed an exclusivity of 77.6%. L. innocua (n ϭ 4), L. welshimeri (n ϭ 1), L. grayi (n ϭ 1), and unidentified isolates (n ϭ 10) produced black colonies with a black halo on MOX indistinguishable from those of L. monocytogenes. All tested media did not support the growth of L. seeligeri. Figure 1 shows colonies of L. monocytogenes, L. ivanovii, and L. innocua formed on MOX and LL medium. L. monocytogenes (Fig.  1A) and L. ivanovii (Fig. 1B) produced typical black colonies with a black halo on MOX. However, L. innocua (Fig. 1C) produced colonies similar to those of L. monocytogenes and L. ivanovii. L. monocytogenes (Fig. 1D) and L. ivanovii (Fig. 1E ) appeared as white colonies with a halo on LL medium, whereas L. innocua produced white colonies without a halo (Fig. 1F) .
Evaluation of the specificity and the sensitivity of LL medium using spiked and unspiked food samples. Table 3 presents results of the bacteriological analysis of unspiked food samples. The number of negative samples was equal to the number of total food samples, because no L. monocytogenes strains were isolated on all tested media from 200 unspiked food samples. There were no significant differences among the specificities of Brilliance Listeria agar, CHROMagar Listeria, and LL medium. The specificities of Brilliance Listeria agar, CHROMagar Listeria, and LL medium were 96.5, 94.5, and 96.0%, respectively. The specificities of these three media were superior to the specificity of MOX (72.0%). Totals of 56, 7, 11, and 8 false-positive results were found on MOX, Brilliance Listeria agar, CHROMagar Listeria, and LL medium, respectively. From 50 spiked food samples, CHROMagar Listeria, and LL medium represented the highest sensitivities (96.0%), followed by Brilliance Listeria agar (92.0%) and MOX (54.0%) (Table 4) . Also, LL medium showed the highest confirmation rate (98.8%), followed by Brilliance Listeria agar (98.7%), CHROMagar Listeria (98.3%), and MOX (52.0%).
DISCUSSION
Plating on selective and differential media, such as PALCAM, Oxford, MOX, and chromogenic agar, after preenrichment followed by selective enrichment in BLEB has been recommended for the isolation of L. monocytogenes from foods by the U.S. FDA (31) . However, PALCAM, Oxford agar, and MOX, which use esculinase activity of Listeria spp., cannot differentiate L. monocytogenes from other Listeria spp. Also, several chromogenic media that use chromogenic compounds, such as 5-bromo-4-chloro-3-indoxyl-␤-Dglucopyranoside and L-␣-phosphatidylinositol, are expensive (22) .
Oxoid chromogenic Listeria agar (OCLA) contains soya lecithin instead of phosphatidylinositol for the differentiation of L. monocytogenes from other Listeria spp. (22) . The results suggest that soya lecithin is an appropriate alternative to phosphatidylinositol. Soya lecithin is a cheap and easily available product and could be used for the detection of PI-PLC and PC-PLC activity (22, 32) . In this study, LL medium contains soya lecithin for the differentiation of L. monocytogenes from other Listeria spp. L. monocytogenes and L. ivanovii produced colonies (white colonies with a halo) distinct from those of other Listeria spp. on LL medium. Although L. ivanovii is less frequently encountered in foods, it is important to detect this organism, because some cases of human infection by L. ivanovii have been reported (33) .
Some Bacillus spp., especially Bacillus cereus, are ␤-D-glucosi- dase, PI-PLC, and PC-PLC positive (27, 29, 30) ; thus, they could grow on chromogenic media and produce colonies similar to those of L. monocytogenes (24, 30) . Therefore, it is necessary to inhibit growth of B. cereus to ensure the specificity of the selective medium. In a previous study (34) In this study, the specificity and the sensitivity of LL medium were compared with those of conventional MOX and two chromogenic media (Brilliance Listeria agar and CHROMagar Listeria) using stock cultures and food samples. Brilliance Listeria agar (formerly OCLA) contains soya lecithin instead of phosphatidylinositol. LL medium completely suppressed the growth of non-Listeria Gram-positive and Gram-negative bacteria (Table 2) . LL medium also inhibited the growth of S. aureus, S. epidermidis, and S. xylosus. Staphylococcus spp. that have PI-PLC and PC-PLC activities can give the appearance of false-positive colonies on chromogenic medium that contains soya lecithin instead of phosphatidylinositol (22, 26, 36) . The growth of some unidentified bacteria isolated from food samples and producing black colonies with a black halo on MOX was also completely inhibited on LL medium. Brilliance Listeria agar and CHROMagar Listeria also successfully inhibited the growth of non-Listeria Gram-positive and Gram-negative bacteria, but two B. cereus strains formed colonies similar to those of L. monocytogenes on CHROMagar Listeria.
When 200 unspiked food samples were examined, no L. monocytogenes was isolated on any of the media tested. The incidence of L. monocytogenes from domestic and imported foods in South Korea was lower than that reported in previous studies from other countries (37) . Of 1,537 domestic and imported food products, L. monocytogenes was isolated from 122 food samples (7.9%). Also Jo et al. (38) reported L. monocytogenes was not isolated from 96 samples of fresh-cut produce or organic vegetables. L. innocua comprised the majority of presumptive Listeria colonies on MOX (data not shown). Especially, L. innocua was frequently detected in beef and pork samples. When 50 spiked food samples were tested, the sensitivity and the confirmation rate of MOX were much lower than those of LL medium, Brilliance Listeria agar, and CHROMagar Listeria. From 25 samples that were spiked with L. monocytogenes and L. innocua, colonies of L. monocytogenes were hardly differentiated from those of L. innocua on MOX. L. innocua has been known to frequently outgrow L. monocytogenes in enrichment broth (18) . The ability to detect small numbers of L. monocytogenes colonies among colonies of L. innocua is an important advantage of LL medium.
In conclusion, the LL medium presented in this study has higher specificity and sensitivity than MOX. Especially, LL medium easily differentiates L. monocytogenes and L. ivanovii from L. innocua, which frequently produces false-positive results on conventional PALCAM, Oxford agar, and MOX. Also, LL medium showed similar specificity and sensitivity to Brilliance Listeria agar and CHROMagar Listeria with reduced cost. The cost of LL medium ($33.70/liter) is lower than those of chromogenic media (Brilliance Listeria agar, $63.98/liter; CHROMagar Listeria, $63.50/liter). LL medium could also inhibit the growth of PI-PLCand PC-PLC-positive bacteria, such as B. cereus and Staphylococcus spp., which cause false-positive results on some chromogenic media. Due to the good specificity of LL medium, the labor and time necessary for further confirmation tests may be applied to fewer colonies. Also, the cost-effectiveness of LL medium would make it suitable for routine laboratory use. Although further study is required to evaluate the growth of more Listeria spp. on LL medium, LL medium may provide a valuable addition to the array of selective media available for the detection of L. monocytogenes from food.
